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Millions of individuals worldwide have used supraphysiologic doses of anabolic-androgenic 

steroids (AAS) for athletics or personal appearance, but the effects of AAS on the kidney 

remained little studied.1 In a recent cross-sectional cohort study evaluating cardiovascular 

function in 57 current AAS users, 28 past users, and 52 non-AAS-using weightlifters2, 3, we 

obtained participants’ standard chemistries, hematology, cystatin C, and endocrine measures 

(details in Item S1). With these data, we calculated participants’ estimated glomerular 

filtration rate (eGFR), based on serum creatinine and cystatin C levels (eGFRcr-cys), using 

the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula.4 We 

conducted sensitivity analyses using CKD-EPI equations involving creatinine alone 

(eGFRcr) and cystatin C alone (eGFRcys).

Our primary outcome was the estimated mean difference in eGFR between AAS users and 

nonusers. Secondary outcomes, assessing potential effects of currency and duration of AAS 
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use on eGFR, were 1) the estimated mean differences in eGFR among the subgroups of 

current AAS users, past AAS users, and nonusers; and 2) the association of eGFR with 

lifetime duration of AAS use. We estimated these associations using generalized linear 

regression models, adjusted for plausible confounding variables: age; race; lifetime history 

of any regular tobacco use; and lifetime history of abuse of or dependence on alcohol or 

illicit drugs (cannabis, opioids, stimulants, cocaine, ecstasy or polydrugs). We also 

performed exploratory analyses of possible mediators of the effect of AAS on eGFR (Item 

S2).

Users were demographically similar to nonusers (Table 1), but showed higher muscle mass, 

higher creatinine phosphokinase levels, decreased left ventricular ejection fraction, and 

decreased early left ventricular relaxation velocity. The eGFRcr-cys, eGFRcr, and eGFRcys 

were all lowest in current AAS users, intermediate in past users, and highest in nonusers 

(Table 2 and Figure S1). However, eGFRcr-cys was not significantly associated with duration 

of abstinence since last AAS exposure among former users (estimated mean increase [95% 

confidence interval] of 0.42 [−0.42, 1.26] mL/min/1.73m2 per 1-unit increase in log-

transformed months of abstinence; nominal P = 0.32), nor with lifetime duration of AAS use 

among users overall (estimated mean decrease of 0.5 [−0.3, 1.3] mL/min/1.73m2 per 

additional year of AAS exposure; P = 0.27).

These findings may reflect 1) a direct toxic effect of AAS on the kidney; 2) an indirect effect 

caused by possible mediator variables, such as AAS-induced muscle breakdown or 

cardiovascular abnormalities; or 3) a non-AAS effect attributable to unmeasured 

confounding. The first hypothesis is consistent with one report of focal segmental 

glomerulosclerosis in ten long-term AAS users,5 and reports associating AAS use with 

episodic acute kidney injury,6, 7 which in turn increases the risk of progressive CKD.8 The 

second hypothesis is tentatively supported by a mediation analysis (Item S2) suggesting a 

contributory role of AAS-induced cardiovascular dysfunction (provided these cardiovascular 

effects on eGFR are large relative to reciprocal effects of eGFR on cardiovascular function). 

The third hypothesis would posit unmeasured confounding variables, such as undetected 

drug exposures. Although we adjusted for participants’ self-reported tobacco, alcohol, and 

illicit substance use, we lacked data on use of other potential nephrotoxins, such as non-

steroidal anti-inflammatory drugs.

Several limitations to our study must be considered. First, we cannot exclude the possibility 

that the findings in our recruited sample of AAS users might not generalize to AAS users as 

a whole as a result of selection bias. Second, we cannot exclude unmeasured confounding, 

as just mentioned. Third, as with all studies employing retrospective assessments, there is a 

greater vulnerability to errors of classification (e.g., user status) and measurement (e.g., self-

reported lifetime duration of AAS use and history of use of other substances). However, we 

used several strategies (urine testing, hair testing, and measurement of fat-free mass index, 

as detailed previously2) to assess whether participants were responding honestly. 

Furthermore, such errors of classification and measurement would likely bias the results 

towards the null, thus rendering our estimates of the association between AAS use and renal 

function more conservative. Fourth, because our original study was focused on cardiac 

function, we lacked measures of albuminuria, proteinuria, and more novel serum or urine 

Hudson et al. Page 2

Am J Kidney Dis. Author manuscript; available in PMC 2021 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



biomarkers of kidney injury, which offer additional information regarding CKD staging and 

prognosis. Fifth, we estimated glomerular filtration rate, rather than measuring it directly. 

Although the limitations of eGFR equations in AAS-using bodybuilders are unknown (and it 

is also unknown whether AAS affects cystatin C levels), the similarity of findings using all 

three CKD-EPI equations (Table 2), including those not using cystatin C, would seem to 

weigh against the possibility that the findings are artefactual.

While acknowledging these limitations, our findings may be clinically relevant, in that even 

mild reductions in kidney function are strongly associated with subsequent risk of chronic 

kidney disease,9 which in turn is associated with higher all-cause mortality and 

cardiovascular disease events.10 Thus, subsequent longitudinal studies of AAS and kidney 

function, assessing kidney biomarkers and possible structural damage, would be of value.
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